The first report in this series presented evidence to show that artifacts may arise from the mechanical manipulation of tubercle bacilli while they are being spread on a slide for staining (Yegian and Porter, 1944) . During such treatment the normally acid-fast cells can be transformed into the minute non-acidfast rods and granules that have been frequently interpreted as immature forms in a reproductive cycle.
That the procedure of staining itself may also lead to artifact production in preparations of this organism was suggested by some earlier observations of Yegian and Baisden (1942) . They were able to show that spore-resembling structures, referred to as "beads," varied in occurrence with variations in such factors as the chemical composition of the basic fuchsin used for staining, the quantity of NaCl in the dye solution, and the concentration of the dye. The significance of these findings made it seem appropriate for us, while concerned with artifacts in stained preparations of tubercle bacilli, to continue the examination of beads and similar granular forms with the object of establishing, if possible, their real or artifact nature. From the data that have been gathered it appears that Much granules, as well as beads, are products of the staining procedure and are not representative of any pre-existing structure of the tubercle organism.
MUCH GRANULES
These appear as small, deeply stained, spherical bodies distributed along the entire length of the bacillus. Stained with methyl violet, they have an intense blue-violet to black coloration which contrasts strikingly with the unstained or faintly stained remainder of the cell. They vary some in size but, unlike beads, are seldom large enough to distend the cell containing them. A single rod may show as many as 10 or 12 granules (figures 1 and la).
Historical. This gram-positive granular form of the tubercle organism has been observed and studied over a long period of years. As early as 1884, Gram, in reporting results with his staining procedure, noted that the "Tuberkel-bacillen" often appeared granular like "Kokkenketten." The same or similar procedures applied by other investigators to this and other acid-fast organisms have yielded similar results (Lutz, 1886) . Considerably later, Much (1907) and confirmation of the viability of these structures is supplied by Sweany (1933) . By micrurgical procedures he isolated small numbers of refractile granules, identified by him as those of Much, and with these produced evidence of tuberculosis in guinea pigs. Their viability has, however, been questioned in some instances, as for example by Lange (1925) , Groh (1937) , and by Hishikari (1924) , the last of whom decided that they were composed of a fatlike substance formed during cellular degeneration. Possibly the nearest approach to the conclusions of the-present study was made by MacAlister (1912) . After comparing the relative values of Ziehl-Neelsen's method and Much's modified Gram method, he decided that the latter was not more satisfactory for revealing the tubercle organism in any material. He writes: "The impression derived from a study of these specimens was rather that the marked granularity of tubercle bacilli on the Much-stained films was an artifact due to the nature of the staining reaction employed."
It does not appear that Much' slides are flooded with this solution, heated to steaming for 3 minutes, and allowed to cool for 2 minutes. (As a more easily controlled alternative, they can be placed in a bath of the staining solution at 75 C for 10 minutes.) The excess dye is washed off with water, and the slides are next placed in Lugol's iodine (1 g 12 + 3 g KI + 300 ml H20) for five minutes and thence N-ithout rinsing are transferred to 5 per cent aqueous nitric acid solution. Here they are left for one minute, rinsed in water, and then dipped in a 3 per cent aqueous HCl for 10 seconds. From here they are transferred to acetone-alcohol (1: 1) and after one minute in that mixture are washed briefly in water, dried, and examined. The slides should be agitated in all solutions.
As material for these studies, bacilli of strain H37 were used. In order that a possible relation between culture age and the occurrence of Much granules
should not be overlooked, the cells were taken from young 4-to 7-day-old, 1-month-old, and 8-month-old cultures. Such material was freed of media by washing in water, and then spread on slides and dried at room temperature. Organisms fixed with formaldehyde (10 per cent) before being placed on slides served equally well. Cells from the cultures of three different ages, stained simultaneously by the foregoing procedure, compare as folloWs:3 The organisms from young 4-day-old cultures apparently take up large quantities of the stain and appear intensely blue and closely granular. There may be as many as 6 or 8 Much granules packed into a single cell with the result that they are not so well defined as in cells from older cultures. Their size is relatively uniform.
The granules of Much in cells from 1-month-old cultures are not so closely packed, yet, within a bacillus of greater than average length, their number may be as high as 10 or 12. The size variation is greater, some granules being very minute. They appear to occupy no region of the organism to the exclusion of another (figures 1 and 2).
The granules found in cells from 8-month-old cultures are the most distinct and vary most in size. They are extremely dense, clearly defined, and discrete. Even the smallest segments of the fragmented rods, common in old cultures, may contain one or more of these small bodies.
It is therefore apparent that these granules of Much can be demonstrated in tubercle bacilli of various ages and morphology as derived from 4-day-old, 1-month-old, and 8-month-old cultures. ments and observations that appear to establish the artifact nature of these distinctive gram-positive bodies.
(1) It seemed reasonable to assume that any formed struetture of the cell that appears as prominently as do these granules following MIuch's procedure should also be revealed by other methods of staining or observation. Comparisons were therefore made between preparations of cells stained by the method of Much and similar preparations stained by methylene blue (Loeffler's on unfixed cells), a 1 per cent w-ater solution of basic fuchsin, or Giemsa stain after acid hydrolysis (method used by Robinow, 1941) . The latter all revealed a granular component, reasonably referred to as a nuclear body,5 which could be easily confused with the bodies described by Much. Upon closer comparison, however, dissimilarities are readilv noted. In voung cells, for example, the nuclear bodies generally number two, sometimes three, whereas the Much granules are usually larger and appear in varying numbers, often as many as 6) or 8. The latter granules are iather evenly distributed along the cell, whereas the nuclear bodies are located most frequently at the ends and not at nearly equal intervals. Similar differences in number, size, and distribution can be noted between the Much granules and nuclear bodies in cells from older cultures. We have seen in neither stained nor unstained living preparations anv formed bodies within the bacillus that correspond exactly in number or position to these granules of Much.
(2) It was found that the appearance of the granules following the Much procedure is neither dependent on nor indicative of the presence of ether-alcoholsoluble components. Extracted cells show them as well as the unextracted.
5 This nomenclature is used for convenience and to emphasize the distinction between these granules and those of Much. That they are in reality "nuclear bodies" is suggestedl by their affinity for nuclear dyes as applied by methods used by other investigators to study the nuclear apparatus of bacteria (see Robinow, 1941 The bacilli centrally located in the photomicrograph have lost the deep colorationof figure 2a; in two of them granules have reformed, and in one cf these the granule of Much has shifted its position. The cells in these photomicrographs were kept constantly in view while they were washed with the various solutions of the staining procedure.
FIGS. 3, 3a, AND 3b. DIAGRAMS OF BACILLI REDRAWN FROM EXPERIMENTAL NOTES Figure 3 shows cells as they appeared after being stained to show Much granules. Figure  3a shows the same cells following a washing with 5 per cent phenol and subsequent treatment with Lugol's, HN03, HCl, etc., staining procedure. Figure 3b pictures unique characteristic, since, as a rule, formed structures of fixed cells stain whether the cell is intact or not.
(4) It has been observed that as the concentration of the stain is reduced, the granules decrease in number and size instead of density; this would not have been the case if they represented structural components of the cell. If diluted even to 1:10,000 of its usual concentration, enough dye is still present to yield granules of greatly diminished size but undiminished density. They appear as micrococci.
(5) These granules are not peculiar to mycobacteria; they can be demonstrated as well in acid-fast cells of a distinctly different origin. For instance, the basidiospores of the mushroom, Aminita muscaris, after they are shed and allowed to dry for some weeks, become acid-fast and acquire the capacity to show granules following staining by the procedure of Much. The granules are numerous and rather large (figure 5). They look like globules of extremely concentrated stain and behave as such when treated with 5 per cent phenol, for they then dissolve and give to the whole spore a deep purple color.
(6) The most convincing evidence describing Much granules as artifacts has been derived from a microscopic study of their dispersal with phenol and subsequent reformation. In such an examination, a field of Much-stained granular bacilli is chosen and under oil immersion a few celis are selected for observation (figure 2). The cover, glass is then held steady, and, by way of a specially arranged stage, 5 per cent phenol is passed under the glass and brought in contact with the cells being watched. Shortly after the phenol touches the bacilli, the deeply stained granules apparently dissolve and in so doing color the whole cell body (figure 2a). If now the solidly stained celis, while still being watched, are washed in sequence with Lugol's iodine, HNO3, and the remaining solutions of the staining technique, some of them are seen to become granular again. Most significantly, it is noted that the newly formed granules may be in new locations relative to the whole cell (figure 2b). Where they are originally numerous, they change not only in position, but also in number and size with each dispersal and reformation. Ultimately the cell seems to give up its stain so that no granules or only a small number of granules appear (figures 3, 3a, and 3b). It is extremely unlikely that formed structures of a fixed cell could behave in such a fashion, especially in shifting position.
BEADS
The beaded tubercle bacillus is another conspicuous structural variant of the uniform acid-fast rod. It appears only in carbol-fuchsin-stained preparations and here not consistently. The individual beads vary considerably in size and may be large enough to exceed in diameter the body of the microorganism (figures 4 and 4a). They show as deep red to black after the Ziehl-Neelsen procedure, and the larger of them frequently exhibit much less densely stained centers when brought into favorable focus.
Historical. A survey of descriptions and illustrations in the literature reveals that essentialiy as long as the Ziehl-Neelsen procedure has been used these striking bodies have been observed. Ernst (1889), Schr6n (1891), and Babes (1895) were among the earliest investigators to describe them. The cell with a contained bead has been referred to as club-shaped (Fischel, 1892), commashaped, or likened to a spindle (Krylow, 1912) . D'Arrigo (1900) writes of beads as "Capsules of Schr6n" or "Spores of Cornet," and the concept of these variants as resting forms, as spores, and as conidia seems to have been rather widely accepted (Metchnikoff, 1888; Smith, 1898; Wherry, 1913; and others). Lominski (1933) There is much in the known behavior of these beadlike structures and their formation to suggest that they do not represent formed bodies of the cell but constitute instead a product of some physical behavior of the stain within the acid-fast cell (Yegian and Baisden, 1942) . The chemical composition of the fuchain, the concentration of the dye, and the presence of dilute NaCl (or any one of a few other electrolytes) in the dye solution all influence the number of beads formed. In addition it has been shown that 95 per cent ethyl alcohol will dissolve or disperse these bodies, and that under observation they can be repeatedly dispersed and reformed by applying recurrently the sequence: alcohol, acid alcohol, and water. Since, however, the demonstration of cellular structures is frequently dependent on particular properties of stain or procedure, these observations, though suggestive, do not appear to establish definitely the artifact nature of these beads. Accordingly their examination has been extended to ,determine (a) whether they correspond to any formed body of the cell demonstrable by other procedures and (b) whether, when dispersed with 95 per cent alcohol and subsequently reformed, they change in size, number, or position as do the granules of Much.
Staining of beads. Tubercle bacilli of strain H37 taken from cultures of a variety of ages were used for all comparative studies. The cells were freed of culture medium by washing with water, then fixed with formalin or heat, and fastened to slides by drying.
Stained by the usual Ziehl-Neelsen procedure and with regular carbol fuchsin the beads occur haphazardly. To obtain at wUll a high concentration of beaded cells in any preparation it is simply necessary to add to the regular carbol fuchsin solution (1 part saturated alcoholic solution of pararosanalin, or rosanalin chloride, or acetate, to 9 parts of 5 per cent phenol) 0.5 g of NaCl per 100 ml. This mixture is used as in the usual Ziehl-Neelsen procedure. The slides with attached cells are flooded with the stain and heated to steaming for 3 minutes, after which they are permitted to cool for 10 minutes. The granules is supplied by the observation that the cell in which they form must be intact and must have acquired or retained the property of acid-fastness. These conditions imply that the space in which the granules appear must be enclosed by a fairly impermeable wall that may inhibit diffusion of the dye.
It is not possible at the present time to explain the origin of beads and granules.
That they can be readily created in the actively multiplying cells from young cultures suggests that they are not dependent upon degeneration products for their appearance. The impression is rather that they represent simply small dense concentrations of dye developed from some reaction between solvents and stain. It is possible that future study of these artifacts may not only explain their origin but contribute as well to an understanding of acid-fastness. There is indeed much in their behavior to suggest that they may be useful also in an examination of the structure and permeability of the outside of this resistant organism. Probably the greatest importance that can now be granted to the granules of Much and to beads exists in their role as illustrations of what artificial structures staining procedures can produce and how misleading these can be.
As artifacts, Much granules and beads can no longer be assigned a role in the reproduction of tubercle bacilli or in the etiology of tuberculosis. That Much granules have been taken seriously in the past is not surprising, for they are conspicuous and easily revealed. Support for their reality has arisen also from their similarity to and frequent confusion wvith the genuine nuclear bodies.
The sizes of the two are almost the same; only their staining behavior is vastly different. As for beads, they commonly show up in preparations stained by the Ziehl-Neelsen technique. It is possible that this results in part from the use of acetate salts of the dyes or from the inorganic salts found occasionally in commercial dye preparations (Conn, 1940) . It is of interest that some staining procedures, modifications of the ZiehlhNeelsen, operate to eliminate beads. For example, a technique described by Cooper (1926) (Miehe, 1909; Gardner, 1929; McCarter and Hastings, 1935; and others) . In older cultures and frequently in sputa, apparently in response to adverse environmental conditions, the smooth cell takes on a fragmented appearance, early described by Marmorek (1900) and later by Spengler (1905) . Whether or not these fragments have the capacit.y to germinate and form the typical tubercle organism seems unsettled, the results of Wyckoff and Smithburn (1933) and others notwithstanding (see Vera and Rettger, 1940, ,and beads are of similar origin and are both artifacts of the staining procedure.
